Background: Triglycerides (TG) levels were associated with microalbuminuria in diabetes. However, this association was barely investigated in non-diabetic hypertensive patients. We aimed to investigate such an association in non-diabetic hypertensive patients and the factors would affect it. Methods: We enrolled 445 eligible non-diabetic hypertensive patients and analyzed the association between TG and microalbuminuria. Results: Urinary microalbumin levels were significantly increased in patients with high TG levels (≥ 1.7 mmol/L). Multivariate logistic regression analysis identified that ln (TG) [odds ratio (OR): 2.273, 95% confidence interval (CI): 1.140 to 4.532, P = 0.020] were independently associated with microalbuminuria in all patients. Multinomial logistic regression analysis further revealed that highest tertile of TG level (≥ 1.76 mmol/L) significantly correlated with microalbuminuria (OR: 2.164, 95% CI: 1.336 to 3.507, P = 0.002) and the association remained significant after adjustments of sex, body mass index, ln(age), ln(systolic blood pressure), ln[diastolic blood pressure (DBP) (OR: 1.990, 95% CI: 1.197 to 3.308, P = 0.008). Association between TG and microalbuminuria was no longer significant when patients were limited to those with low-density lipoprotein cholesterol (LDL-C) treatment target achieved. However, in a forced model of multivariate regression analysis by eliminating ln (DBP), ln (TG) resumed the association with microalbuminuria (OR: 2.722, 95% CI: 1.122 to 6.605, P = 0.027). Conclusions: TG levels were associated with microalbuminuria in non-diabetic hypertensive patients, and the independence of association was supposed to be affected by baseline LDL-C and blood pressure levels. 
intRoduction
Hypertension is frequently accompanied by serum lipid and lipoprotein disorders including elevated levels of triglycerides (TGs) and low-density lipoprotein-cholesterol (LDL-C) and reduced level of high-density lipoprotein-cholesterol (HDL-C). [1] Accompanied by high blood pressure (BP), dyslipidemia is one of the top 10 risk factors for death in China. [2] The baseline lipid profiles in the general population vary in different countries and regions. [3] Compared with Euro-American populations, Chinese populations show lower levels of total cholesterol (TC) and LDL-C and higher TG levels. [4, 5] In Asian populations, TG and non-HDL-C (TC minus HDL-C) levels have been found to be significantly higher in hypertensive patients when compared with normotensive controls, and with greater statistical significance than LDL-C levels. [6] Urinary albumin leakage is a manifestation of generalized vascular damage. [7] Microalbuminuria (urinary albumin excretion of 20-200 mg/L or 30-300 mg/24 h) has been determined as an important prognostic indicator and has been reported to be associated with increased cardiovascular risk and progressive renal damage. [8, 9] In patients with hypertension, microalbuminuria has been identified as a predictor of cardiovascular complications including ischemic
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Nondiabetic Hypertensive Patients heart diseases. [10, 11] The overall prevalence of microalbuminuria is 4.1% in Chinese adults. [12] The prevalence doubles in individuals with hypertension, triples in those with diabetes, and quadruples in those with both. [12] Hyperlipidemia has also been found to be a risk factor for microalbuminuria in patients with diabetes. [13] Specifically, TG levels have been indicated as a strong independent determinant of microalbuminuria and macroalbuminuria in diabetes [14] and have been reported to be an important contributing factor in the progression of diabetic nephropathy. [15] However, the relationship between TG and microalbuminuria is still unknown in nondiabetic hypertensive patients. In comparison with other lipid parameters, TG levels in hypertensive patients are not as prominent as in diabetic patients. Nevertheless, a more atherogenic lipoprotein profile has been described in hypertensive patients with microalbuminuria compared with those with normal urinary albumin excretion. [16] We, therefore, aimed to investigate the association between TG and microalbuminuria in nondiabetic Chinese hypertensive patients in the present study.
subjects and Methods

Patients
We evaluated 470 consecutive hypertensive patients from the Department of Cardiovascular Medicine at the Second Affiliated Hospital of Nanchang University from January 2015 to January 2016. Primary hypertension was defined as use of antihypertensive drugs or systolic blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg. Exclusion criteria were patients with diabetes, secondary hypertension including hypertension secondary to renal/kidney disease, renal artery stenosis, coarctation of the aorta, endocrine disorders, obstructive sleep apnea and usage of drugs, and the presence of severe systemic diseases including acute coronary syndrome, severe liver or kidney disorders, acute stroke, severe infections, and cancer. Of those eligible for participation, we excluded 25 patients because of urinary albumin excretion >200 mg/L.
All patients underwent an estimation of their atherosclerotic cardiovascular disease risk according to the Guidelines for the Prevention and Treatment of Dyslipidemia in Chinese Adults. [17] Treatment targets of LDL-C were calculated according to risk stratification for each individual. For very high-risk patients, the LDL-C target was <1.8 mmol/L; for high-risk patients, the LDL-C target was <2.6 mmol/L; and for low-to-moderate risk patients, the LDL-C target was <3.4 mmol/L. [17] The study was approved by the Medical Research Ethics Committee of the Second Affiliated Hospital of Nanchang University, and signed informed consent was obtained from each patient before participation.
Baseline assessments
Medical history of coronary heart disease was obtained through questionnaires. The use of antihypertensive and cholesterol-lowering medications as well as smoking and alcohol consumption status was self-reported. Height and weight were measured in the standing position without shoes. Body mass index (BMI) was calculated as weight (kg) divided by height in meters squared.
A peripheral blood sample, used to determine biochemical variables, was taken after an 8-h fast. TC, TG, HDL-C, LDL-C, apolipoprotein A, apolipoprotein B, lipoprotein A, urinary microalbumin, creatinine, and uric acid were measured with standard assays for all patients. TC levels were determined by enzymatic colorimetric assay (Beckman Coulter, Suzhou, China), TG levels were evaluated by the Glycerol phosphate oxidase (GPO) -peroxidase (POD) method (Beckman Coulter, Suzhou, China), HDL-C and LDL-C were measured by direct homogeneous assay methods using detergents (Beckman Coulter, Suzhou, China), apolipoprotein A and apolipoprotein B levels were determined by immunoturbidimetry assay (Medicalsystem Biotechnology, Ningbo, China), lipoprotein A levels were determined by particle-enhanced turbidimetric assay (Kehua Bio-Engineering, Shanghai, China), and non-HDL levels were calculated by TC minus HDL-C. Urinary microalbumin levels were evaluated by immunoturbidimetry assay (Randox Laboratories, Crumlin, County Antrim, BT29 4QY, United Kingdom) and serum creatinine and uric acid concentrations were assayed by a direct enzyme method (Beckman Coulter, Suzhou, China). All biochemical variables were measured using an autoanalyzer (Olympus Corporation, OLYMPUS AU-2700, Japan) at the central laboratory of the Second Affiliated Hospital of Nanchang University as described previously. [18] Estimated glomerular filtration rate (eGFR) was calculated according to the modified GFR-estimating equation for Chinese patients with chronic kidney disease as follows: eGFR 
Statistical analysis
Normally distributed data were expressed as mean ± standard deviation (SD). Nonnormally distributed results were expressed as the median value (interquartile range). Categorical values were presented as numbers (percentage). The study patients were stratified into two groups on the basis of microalbuminuria. Microalbuminuria was defined as albumin excretion in the urine within the range of 20-200 mg/L. [19] Differences between groups were evaluated using independent-samples t-test or Mann-Whitney U-test as appropriate for continuous variables and Chi-square test for categorical variables. Continuous variables with a skewed distribution were ln-transformed to attain normal distributions before regression analyses. Uni-and multi-variate logistic regression analyses were used to assess clinical covariates associated with the presence of microalbuminuria among all patients, as well as a subgroup of patients who achieved LDL-C treatment targets. Multinomial logistic regression analysis was used to assess the graded association between TG level tertiles (<1.12, 1.12-1.76, and ≥1.76 mmol/L) and microalbuminuria. A two-sided P < 0.05 was considered statistically significant. All statistical analyses were performed with SPSS software for Windows, version 16.0 (SPSS Inc., Chicago, Illinois, USA). Table 1 details the clinical characteristics of all study groups. A total of 445 nondiabetic hypertensive patients were finally included in the study including 166 patients with normoalbuminuria (urinary albumin excretion <20 mg/L) and 279 patients with microalbuminuria (urinary albumin excretion 20-200 mg/L). More male patients had microalbuminuria. Patients with microalbuminuria were younger, had higher BMI, higher SBP, DBP, and serum TG levels, and had lower levels of HDL-C. Figure 1d ]. Urinary microalbumin level was significantly higher in patients with high TG levels (P = 0.019) and low HDL-C levels (P = 0.007). There was no significant difference in urinary microalbumin level between the two levels of TC or LDL-C. Table 2 details the uni-and multi-variate logistic regression analyses used to evaluate the association of clinical Multinomial logistic regression analysis [Table 3 ] identified that, with the lowest tertile of TG level (<1.12 mmol/L) as the reference, the highest tertile of TG level (≥1.76 mmol/L) was significantly correlated with microalbuminuria (OR: 2.164, 95% CI: 1.336-3.507, P = 0.002) and this association remained significant after adjustment of sex, BMI, ln(age), ln(SBP), and ln(DBP) (OR: 1.990, 95% CI: 1.197-3.308, P = 0.008).
Results
Clinical characteristics of the study groups
Association of triglyceride levels and microalbuminuria in all nondiabetic hypertensive patients
Interaction of triglyceride and blood pressure on microalbuminuria in nondiabetic hypertensive patients
Logistic regression analysis revealed a significant interaction between ln(TG) and ln(SBP) (OR: 1.212, 95% CI: 1.060-1.385, P = 0.005) and ln(TG) and ln(DBP) (OR: 1.262, 95% CI: 1.085-1.467, P = 0.003) with respect to microalbuminuria in all patients. In the subset of patients who had achieved their LDL-C treatment target, the interactions between ln(TG) and ln(SBP) (OR: 1.258, 95% CI: 1.065-1.486, P = 0.007) and ln(TG) and ln(DBP) (OR: 1.318, 95% CI: 1.091-1.592, P = 0.004) with respect to microalbuminuria remained statistically significant. Table 4 details the uni-and multi-variate logistic regression analyses investigating the association between clinical covariates and for the presence of microalbuminuria in nondiabetic hypertensive patients who had achieved their LDL-C treatment target. ln(age), current alcohol consumption, beta-blockers, ln(DBP), and ln(TG) were significantly associated with microalbuminuria in univariate logistic regression analysis. ln(TG) was no longer associated with microalbuminuria in multivariate regression analysis. However, in a forced model of multivariate regression analysis eliminating ln(DBP), ln(TG) was again found to be associated with microalbuminuria (OR: 2.722, 95% CI: 1.122-6.605, P = 0.027).
Association of triglyceride levels and microalbuminuria in nondiabetic hypertensive patients who were limited to low-density lipoprotein-cholesterol treatment target achieved
discussion
A major finding of the present study was that TG was associated with microalbuminuria in nondiabetic hypertensive patients, and the independence of association was thought to be affected by baseline LDL-C and BP levels. Our findings were supported by the following results: (1) urinary microalbumin levels were significantly increased in the high TG group (≥1.7 mmol/L) [ Figure 1d ]; (2) TG levels were independently associated with microalbuminuria in all nondiabetic hypertensive patients [ Table 2 ]; (3) risk of microalbuminuria significantly increased in the highest tertile of TG level patients (≥1.76 mmol/L) [ Table 3 ]; (4) independent association between ln(TG) and microalbuminuria was lost when analyses were limited to the subset of patients who had met their LDL-C treatment target, and the association was again identified when the covariate ln(DBP) was excluded [ Table 4 ].
Hyperlipidemia is associated with microalbuminuria not only in patients with diabetes, [13] but also in those with essential hypertension. [16] Microalbuminuria is a marker of cardiovascular complications and a reliable predictor of ischemic heart diseases in hypertensive patients. [10, 11] In hypertensive patients, a more atherogenic lipoprotein profile is seen in patients with microalbuminuria when compared with normoalbuminuric patients. [16] In fact, combined lowering of LDL-C and BP can substantially reduce cardiovascular events in hypertensive patients at intermediate [20] to high risk [21] of cardiovascular disease (CVD). In addition to LDL-C, dyslipidemia-related CVD risk is also associated with elevated TG levels [22] and decreased HDL-C levels. [23] The latter two lipid disorders may be the most common risk factors for residual cardiovascular risk in patients after lowering of LDL-C with statin therapy, especially in patients with diabetes. [24, 25] A meta-analysis of epidemiological data has shown that TG is an independent cardiovascular risk factor [26] and evidence has accumulated over the past 10 years showing the importance of TG as an independent risk factor for CAD. [27, 28] In Asian populations with relatively low TC levels, nonfasting TG levels predict the incidence of coronary heart disease. [29] Also in Asian populations, TG appears to be more important than LDL-C and HDL-C as the major lipid parameters related to atherogenesis in the presence of hypertension. [6] TG levels increase with BP. [30] This relationship persists in patients with normal BP, across patients with high-normal BP, and those with hypertension, [31] which indicates a biological interrelation between BP and TG. In our study, we identified a significant interaction between TG and both SBP and DBP on microalbuminuria in nondiabetic hypertensive patients, demonstrating a role for therapy targeting TG and BP in early renal impairment in hypertensive patients.
An interesting finding in the present study is that urinary albumin excretion was significantly increased in nondiabetic hypertensive patients with low HDL-C and high TG, but not in patients with high TC or LDL-C [ Figure 1 ]. Although a relatively low level of TC or LDL-C might be one of the possible reasons, the median levels of TG and HDL-C were normal in patients enrolled in the present study [ Table 1 ]. We found a univariate association of TG with microalbuminuria in all nondiabetic hypertensive patients in the present study, and this association was still significant after adjustment for confounding factors [ Table 2 ]. However, the association was no longer significant when the enrolled patients were limited to patients who had met their LDL-C treatment target [ Table 4 ], which led to an inference that the association of TG and microalbuminuria in nondiabetic hypertensive patients was possibly based on an elevated TG level plus uncontrolled LDL-C, and this combination was associated with a higher level of risk stratification. Furthermore, the attenuation of the association of TG and microalbuminuria in those patients who had met their LDL-C treatment target occurred following the adjustment for DBP as shown in a forced multivariate model without the presence of DBP [ Table 4 ]. This indicated that the association of TG and microalbuminuria could be mediated by baseline BP levels in nondiabetic hypertensive patients. Taken together, the independence of TG level as a risk factor for microalbuminuria in nondiabetic hypertensive patients remains debatable. Rather, TG levels appear to provide unique information for early renal impairment in nondiabetic hypertensive patients, especially when combined with uncontrolled LDL-C levels.
Limitations
Limitations of our study include: (1) A cross-sectional design, which warrants a future prospective study to demonstrate the causal relationship between TG and microalbuminuria in nondiabetic hypertensive patients; (2) The variability of TG levels was high and increased with the level of TG. An average of multiple test result for TG may have reduced this variability. Medications are also likely to affect TG levels and were not taken into account in this study; (3) Patients did not receive ambulatory BP monitoring and thus BP in the present study might not reflect the patients' true BP levels; (4) This was a single-center study that investigated only a relatively small number of patients. Thus, the mechanism underlying the association between TG and microalbuminuria in nondiabetic hypertensive patients is not yet clear.
conclusion
TG levels were associated with microalbuminuria in nondiabetic hypertensive patients, and the independence of association is hypothesized to be affected by baseline LDL-C and BP levels. 
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